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Abstract

with no changes in the trend over the study period.

especially for those aged 6 to 12 months.
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Background: Respiratory syncytial virus (RSV) is a major cause of acute lower respiratory tract infection (ALRI) leading
to infant hospitalization, morbidity and postnatal mortality in children younger than 5 years of age worldwide. The
aim of this study was to collect data on hospitalizations for RSV-related ALRI in children in Spain from 2012 to 2018.

Methods: We used the discharge reports from the Minimum Basic Data Set (MBDS) to retrospectively analyze hos-
pital discharge data in children <14 years of age with a diagnosis of acute lower respiratory tract infection, based on
the ICD-9-CM and ICD-10-CM diagnosis codes, from 2012 to 2018.

Results: A total of 190,474 children, 58.1% boys and 41.9% girls, were admitted for lower respiratory tract infections in
Spain, including 118,731 cases of bronchiolitis, 53,972 cases of bronchitis, 3710 cases of RSV-positive pneumonia, and
14,061 cases of RSV infections. Of these, 92,426 children (48.5%) had laboratory-confirmed RSV infection. The mean
case fatality rate was almost 6 times higher for pneumonia (0.6%) than for bronchiolitis (0.1%) or bronchitis (0.1%). A
significant linear increase in the mean annual hospitalization rate for pneumonia of almost 15% per year was found,

Conclusions: RSV-related respiratory infections remain a leading cause of infant hospitalization in Spain. Effective
antiviral treatments and preventive vaccines are urgently needed for the management of RSV infection in children,
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Background

Respiratory syncytial virus (RSV) is a major cause of
acute lower respiratory tract infection (ALRI) leading to
infant hospitalization, morbidity and postnatal mortal-
ity in children younger than 5 years of age worldwide,
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especially in developing countries. Data suggest that
most RSV-related childhood mortality occurs during the
first year of life [1-9]. Hospitalizations associated with
RSV infection are highly seasonal, with annual epidemics
generally occurring during the cold season in temperate
climates [7, 10]. Although RSV infections occur fre-
quently in all age groups, peak rates occur in infants aged
6 weeks to 6 months, especially in those younger than
3 months [3, 11]. It is believed that by 2 years of age, 90%
of children have had RSV infection at least once, and half
of them even twice [7, 12-14]. Roughly, one to two out
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of every 100 children younger than 6 months of age with
RSV infection may need hospitalization [15] and, accord-
ing to data from the US, up to 22% of children under
24 months of age may require admission to the intensive
care unit (ICU) during their hospital stay [16]. These data
suggest that the risk of infant mortality due to RSV infec-
tion in settings with inadequate intensive care facilities
could increase alarmingly, even in children without pre-
vious underlying conditions.

The global health and economic burden of RSV-asso-
ciated disease is considerable and poses a major global
health problem. However, clinical data for global RSV-
related mortality are scarce. Results from a recent exten-
sive systematic review of both published studies and
unpublished data estimated that in 2015, up to 33.1 mil-
lion episodes of RSV ALRI occurred globally in children
younger than 5 years, resulting in about 3.2 million hos-
pital admissions and 59,600 (48,000—74,500) in hospital
deaths, 99% of which occurred in developing countries
and almost half (45%) (27,300 deaths, 20,700-36,200)
among children under 6 months of age [17]. Data from
the RSV GOLD study, a retrospective analysis of individ-
ual data from children under 5 years of age who died with
RSV between January 1, 1995 and October 31, 2015 in
hospitals across the world, showed a striking median age
difference for RSV-related deaths between low/lower-to-
middle-income countries and high-income countries of
5 and 84 months, respectively. According to the authors,
young age at death in low-income and middle-income
countries might reflect limitations in healthcare quality
or access to care, rather than specific susceptibility of the
children [18].

In Spain, results from an observational retrospective
survey that evaluated all hospitalizations related to RSV
infection in children up to 5 years of age between 1997
and 2011 in almost all hospitals in the country (98%)
showed that the highest incidence of hospitalization
occurred during the first year of life, 4137 per 100,000
children (95% CI 4121-4153), and up to 80% of deaths
were registered in this population. The average annual
cost to the Spanish national health system for bronchi-
olitis requiring hospitalization was 47 million euros, with
an average cost per hospitalization of 2162 euros in chil-
dren up to 5 years old [19]. Another study that analyzed
the hospital discharge reports of children under 5 years
of age with RSV infection in a reference pediatric hospi-
tal in northern Spain from 2010 to 2015 found that most
children (72%) were younger than 1 year of age and 95%
were previously healthy infants. Of all children younger
than 5 years, 6.5% required direct admission or interme-
diate transfer to the pediatric ICU during their hospital
stay. The percentage of infants under 2 months of age was
higher than in children not admitted to the pediatric ICU
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(52% vs. 26%, p=0.003) and the comorbidity rate was
also higher (14% vs. 5%, p=0.009). The case fatality rate
among children admitted for RSV was 0.3% [20].

The most common clinical manifestation of ALRI in
RSV-infected infants is bronchiolitis, which may lead
to complications such as acute respiratory failure and
apneas, but pneumonia and croup are also seen [7, 21,
22]. Prematurity, young age, chronic lung disease, con-
genital heart disease, immunosuppression, and neuro-
muscular disorders are risk factors for severe outcomes
in RSV infection [15, 23]. Although the case fatality rate
is highest in children with underlying conditions, most
cases of life-threatening RSV infection occur among pre-
viously healthy children.

Natural RSV infection does not confer long-lasting
immunity against subsequent infection and no specific
treatment or widely available prevention options for RSV
infections are available to date. Thus, treatment for RSV
disease in patients with severe ALRI consists primarily
of supportive care, supplemental oxygen, and mechani-
cal ventilation if needed [24, 25]. Ribavirin, a synthetic
guanosine analogue and broad-spectrum antiviral agent,
is the only antiviral agent available for the treatment of
life-threatening RSV infections. However, its use is cur-
rently limited to immunocompromised patients because
of efficacy, safety, and cost issues, and the need for hos-
pital admission for prolonged aerosol administration
[26, 27]. RSV immunoprophylaxis (IP) is highly effective
in preventing severe RSV infections in high-risk infants
and young children. Palivizumab (Synagis), a recombi-
nant humanized monoclonal IgG antibody, is currently
the only market-approved IP for the prevention of RSV
ALRI requiring hospitalization in children at high risk for
RSV disease [26, 28, 29]. Recently, based on the positive
data from the first interim analysis of the Phase 1 study
NCT04528719, the US Food and Drug Administration
(FDA) granted fast-track designation to Moderna’s inves-
tigational single-dose vaccine against RSV mRNA-1345
for use in adults older than 60 years of age [30]. Several
RSV vaccines and monoclonal antibodies and direct-act-
ing antiviral agents are currently in clinical development
for the prevention and treatment, respectively, of RSV
disease [25].

Accurate assessment of the burden of RSV hospitaliza-
tion in children, together with identification of the pop-
ulation at greatest risk and the seasonal patterns of the
virus, is essential to determine priorities for the use of
existing therapeutic and prophylactic treatments against
RSV in the context of limited healthcare resources, and
to make the case for the rational development of novel,
effective vaccines and treatments against RSV.

In this population-based study, we aimed to collect
data on the burden of hospital admissions caused by
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RSV-associated bronchitis, bronchiolitis, and pneumonia
in children up to 14 years of age in Spain between 2012
and 2018.

Methods
Study design and data sources
The purpose of this study was to collect data on hospi-
talizations for RSV-related ALRI in children in Spain
from 2012 to 2018. We used discharge reports from the
Minimum Basic Data Set (MBDS) published annually by
the Spanish Ministry of Health to retrospectively ana-
lyze hospital discharge data containing a diagnosis of
RSV infection, bronchitis, bronchiolitis, or pneumonia
for the general Spanish population over a 7-year period
from 2012 to 2018. The MBDS reports more than 90% of
admissions to both public and private acute care hospi-
tals in Spain and is validated for data quality and overall
methodology by the Spanish Ministry of Health [31, 32].
For each MBDS discharge record, we retrieved up to 7
diagnoses coded on the basis of the International Clas-
sification of Diseases (ICD), Ninth Revision, Clinical
Modification, ICD-9-CM, for cases collected from 2012
to 2015, and ICD-10-CM for cases collected from 2016 to
2018. All hospital admissions coding for RSV infection,
bronchitis, bronchiolitis, or pneumonia in any diagnostic
position in children aged up to 14 years of age throughout
the period 2012-2018 were recorded. For each record,
the following variables were collected: sex, diagnosis, and
outcome (discharge/death). Eligible respiratory system
diseases are listed in Table 1.

Data analysis

The number of hospitalizations examined per year was
expressed as absolute frequencies (n). The hospitalization
rate (by year and sex) per 100,000 population, in-hospital
fatality rate (by year), and the ratio between confirmed
deaths and confirmed cases (%) were calculated with 95%
confidence intervals (CI). Hospitalization rates and case
fatality rates were calculated separately for cases coded
as RSV-positive respiratory disease and those coded as
unspecified respiratory disease. Corrected population
data from municipal records, extracted from the National
Institute of Statistics [33], were used as the denominator
for the hospitalization rates.

Hospitalization rates were compared using the
unpaired Student’s t test to assess differences between sex
groups, and analysis of variance (ANOVA) was used to
assess differences between the study years and the diag-
nostic codes. Joinpoint regression models were used to
evaluate trends in hospital admissions for RSV-related
diseases over the study period [34]. This method provides
the annual percentage change (APC) in hospitalization
rates between the trend change points and estimates the
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Table 1 Definition of diseases of the respiratory system used
according to the ICD-9-CM and ICD-10-CM codes

|CD-9-CM codes (cases collected from 2012 to 2015)

079.6 Respiratory syncytial virus

466.0 Acute bronchitis

466.1 Acute bronchiolitis

466.11 Acute bronchiolitis due to respiratory syncytial virus
480.1 Pneumonia due to respiratory syncytial virus

ICD-10-CM codes (cases collected from 2016 to 2018)

B97.4 Respiratory syncytial virus as the cause of diseases
classified elsewhere

J12.1 Respiratory syncytial virus pneumonia

1205 Acute bronchitis due to respiratory syncytial virus

J209 Acute bronchitis, unspecified

J210 Acute bronchiolitis due to respiratory syncytial virus

1219 Acute bronchiolitis, unspecified

average APC (AAPC) over the entire study period. When
there are no joinpoints (i.e., no changes in the trend),
APC is constant and equals AAPC. In all tests, the level
of significance was set at p <0.05. For the statistical analy-
sis, we used IBM SPSS Statistics for Windows, Version
19.0 (Armonk, NY: IBM Corp), Stata Statistical Software,
Release 11 (College Station, TX: StataCorp LP) and Join-
point Software, Version 4.8.0.1 (National Cancer Insti-
tute, National Institutes of Health, Bethesda, MD, USA).
The personal information of each subject was delivered
to the researchers anonymously, in strict compliance
with the current Spanish and European legislation. The
project received a waiver from the local ethics commit-
tee, Comité de Etica de la Investigacién de la Universi-
dad Rey Juan Carlos, which ruled that no formal ethics
approval was required.

Results

A total of 190,474 children up to 14 years of age were
hospitalized in Spain due to RSV-related diseases from
2012 to 2018. Of these, 58.1% were boys and 41.9% girls.
The median age was 2 months (interquartile range [IQR]
4) for children under 1 year of age and 2 years (IQR 2) for
those older than 1 year. Overall, of the three main RSV-
related diseases addressed in our study, the most preva-
lent diagnosis was ‘bronchiolitis’ (ICD-9-CM 466.1 and
466.11; ICD-10-CM J21.0 and J21.9), that accounted for
62.3% of all hospitalizations (68,899 cases in boys [36.2%]
and 49,832 cases in girls [26.2%]), followed by ‘bron-
chitis” (ICD-9-CM 466.0; ICD-10-CM J20.5 and J20.9),
28.3% (31,870 cases in boys [16.7%] and 22,102 cases in
girls [11.6%]), ‘RSV infection’ (ICD-9-CM 079.6; ICD-
10-CM B97.4), 7.4% (8009 cases in boys [4.2%] and 6052
cases in girls [3.2%]), and ‘pneumonia’ (ICD-9-CM 480.1;



Page 4 of 11

(2022) 22:315

Heppe-Montero et al. BMC Infectious Diseases

(1D %56) uoneindod 00000 L 19d passaidxa aies uonezi

idsoy |enuuy ,

(16'/7-6€'57) $99C  190'FL (t6/-€€9)Sl'.  olLe (S66-19) 89S 670€ (L166-0056)8EL6  €¥6'0S  (€9€PL—-0LLEL) L90FL  O€€'S.  (EV'78-/18/) €08  S6E'chy  [e10L
(EV0€-16'£0) SL'6C 7o (loel=/€LL v: L v8  (PEL-080)S0L €/ (€5's01-9/001) Cle0l  ¥SLL 0065L-£0°€S1) 0951 ¥Z80L  (£1'€8-16'8/) CO 1795 8l0T
(£8'67-8€'£0) 98¢ 0/0C (08'8-8¥/) € 785 (85'6-SS%)S0S  €9¢ (09%6-81°06) LET6 7199 (€€°€Sl-/L6kl) C0TSL  8LlO'LL  (LZ¥9-¥0'19) 6879  S9SF /10T
(€T0€-94'10) 868 S9lT (LL1-559) € €S (10/4-889) €9 v/iv (SEYOL-1£66) LOTOL  ¥4SL  (99°/¥L-99F¥L) L¥/¥L  8/0'LL  (€6'95-CS'€S) LTSS 8Sly  910¢
Qroe-cs 10 €687 S8lT (s€/-tl9)es9 €05 (568-19/) /T8 819 (8070L-9%'66) E£'10L LS/ €80SL-/E'SPL) L08FL  ¥CS'LL  (L6'€0L-9¥66) £LOL  Tl6/L  SlOT
(LT (T-8670) 1'9C  8L0C (559-0'G)96S  6Sy  (8F/-1€9)989  8CS (55'86-CL'¥6) €96 L, (Oleel-€T8e : €/0€L  19€'0L  (06'16-£9/8)9L68  VlLIL  ¥10C
(ozee-ol'lo) Lize o¢/l FLs-8lY) €97  #9€  (GV'9-SE€9) 6 254 (67'96-91°26) 6T 76 6les 68°/LLL-SLELL) LSSLL  /[¥l6 (6£'88-87¥8) LE98  G€89  €10C
(Qr€7-8910) LTC  S98L (08'S-8/%)8CS  S€¥  (££9-899) LT 0ls (86'€6-8/'68) 98'L6 el wesel-gce : l6veEL  ¥8E'LL  (9T/8-97€8)¥CS8  06LL  TLOC
ajel jenuuy N ajel jenuuy N ajel jenuuy N ajel jenuuy N ajel jenuuy N e2el jlenuuy N

uond3YuUI ASY ejuownaud + ASY sniyouoiq -+ ASY siiyouoag 1y>uoiq+ ASY lolyouoag  iesp

8107 01 710 Wolj uleds uj ua4pjiyd Ul 1k AQ saseasip paie|ai-ASY 01 Np $aiel Uoliez|eidsoH ¢ djqeL



Heppe-Montero et al. BMC Infectious Diseases (2022) 22:315

ICD-10-CM J12.1), 1.9% (1919 cases in boys [1.0%] and
1791 cases in girls [0.9%]). Among children hospitalized
for bronchiolitis (118,731 cases), 36.5% (25,974 cases in
boys [59.8%] and 17,421 cases in girls [40.2%]) were diag-
nosed with ‘acute bronchiolitis’ (ICD 9 CM 466.1; ICD
10 CM J21.9) and 63.5% (42,925 cases in boys [57.0%]
and 32,411 cases in girls [43.0%]) with ‘bronchiolitis due
to RSV’ (ICD 9 CM 466.11; ICD 10 CM J21.0), while
among those hospitalized for bronchitis (53,972 cases),
94.4% (30,120 cases in boys [59.1%] and 20,823 cases in
girls [40.9%]) were diagnosed with ‘acute bronchitis’ (ICD
9 CM 466.0; ICD 10 CM J20.9) and 5.6% (1750 cases in
boys [57.8%] and 1279 cases in girls [42.2%]) with ‘bron-
chitis due to RSV’ (ICD 10 CM J20.5). Almost half of all
children, 92,426 (48.5%), had laboratory-confirmed RSV
infection.

The mean hospitalization rate (per 100,000 population)
during the study period was 26.7 (95% CI 25.4-27.9) for
‘RSV infection’ (29.4 [27.7-31.2] in boys and 23.7 [22.2—
25.4] in girls), ranging from 22.1 (95% CI 21.1-23.2) in
2013 to 29.2 (95% CI 27.9-30.4) in 2018. For bronchioli-
tis diagnosis codes, the mean hospitalization rate (per
100,000 population) was 80.3 (95% CI 78.2-82.4) for
‘acute bronchiolitis’ (93.0 [90.1-96.1] in boys and 66.8
[64.2-69.4] in girls), ranging from 55.2 (95% CI 53.5—
56.9) in 2016 to 101.7 (95% CI 99.5-104.0) in 2015, and
140.7 (95% CI 137.7-143.6) for ‘bronchiolitis due to RSV’
(155.3 [151.5-159.3] in boys and 125.1 [121.5-128.7] in
girls), ranging from 115.5 (95% CI 113.2-117. 9) in 2013
to 156.0 (95% CI 153.1-159.00) in 2018 (Tables 2, 3 and
Fig. 1). Using joinpoint regression analysis, no evidence of
statistically significant changes in the mean annual hospi-
talization rate due to bronchiolitis or changes in the trend
(APC=0.75) was found throughout the period analyzed
(Fig. 2A). For bronchitis diagnosis codes, the mean hos-
pitalization rate (per 100,000 population) was 97.4 (95%
CI 95.0-99.8) for ‘acute bronchitis’ (111.4 [108.1-114.8]
in boys and 82.5 [79.5-85.5] in girls), ranging from 91.9
(95% CI 89.8—94.0) in 2012 to 103.1 (95% CI 100.8—105.6)
in 2018, and 5.7 (95% CI 5.4-6.0) for ‘bronchitis due to
RSV’ (6.4 [5.6-7.2] in boys and 5.0 [4.3-5.8] in girls),
ranging from 1.1 (95% CI 0.8-1.3) in 2018 to 8.3 (95%
CI 7.6-9.0) in 2015 (Tables 2, 3 and Fig. 1). Using join-
point regression analysis, no evidence of statistically sig-
nificant changes in the mean annual hospitalization rate
due to bronchiolitis or changes in the trend was found
throughout the period analyzed (APC=0.63) (Fig. 2B).
Finally, the mean hospitalization rate for ‘pneumonia due
to RSV’ was 7.2 (95% CI 6.3-8.0) per 100,000 population
(7.1 [6.3-8.0] in boys and 6.2 [5.5-7.1] in girls), ranging
from 4.6 (95% CI 4.2-5.1) in 2013 to 12.2 (95% CI 11.4—
13.0) in 2018 (Tables 2, 3 and Fig. 1). Joinpoint regression
analysis did show a statistically significant increase in the
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mean annual hospitalization rate for pneumonia of 14.6%
per year (p<0.05), with no changes in the trend over the
study period (Fig. 2C). Hospitalization rates (per 100,000
children) for both bronchiolitis and bronchitis were
higher in boys than in girls: 248.4 vs. 191.8 and 117.8 vs.
87.4, respectively (p<0.001). No significant sex differ-
ences were found for pneumonia (Table 3).

By age group, the mean annual hospitalization rates
were highest in children under 12 months of age, espe-
cially those for bronchiolitis diagnosis codes, 1296.2 (95%
CI 1283.1-1309.3) for ‘acute bronchiolitis’ and 2185.2
(95% CI 2168.2—-2202.2) for ‘bronchiolitis due to RSV,
rates that were more than 10 times higher than those
in children aged one year. In general, an age-related
decrease in hospitalization rates was observed, especially
in children <5 years of age, being more pronounced
among children diagnosed with bronchiolitis (both ‘acute
bronchiolitis’ and ‘bronchiolitis due to RSV’), followed by
‘acute bronchitis’ and ‘RSV infection; while hospitaliza-
tion rates due to ‘bronchitis due to RSV’ and ‘pneumo-
nia due to RSV’ remained relatively low in all age groups
(Table 4).

The case fatality rate among hospitalized children diag-
nosed with pneumonia due to RSV was almost six times
higher than among those diagnosed with bronchioli-
tis or bronchitis throughout the study period, 0.57% vs.
0.1% (for both diagnoses). Unlike the case fatality rates
in children with bronchiolitis and bronchitis, that were
comparable throughout the 7-year study period, the case
fatality rate in children with pneumonia was more varia-
ble, showing maximum values in the years 2013 and 2016
(Fig. 3).

Discussion

In this population-based study we provided data on
the burden of hospitalizations for RSV-related diseases
in children up to 14 years of age in Spain from 2012 to
2018. Our results show that RSV-related diseases repre-
sent a heavy burden for both the patients and the health
care system, and highlight the urgent need to implement
diagnostic and therapeutic interventions to prevent RSV
infection in children, especially among those at higher
risk. Almost 200,000 children were admitted in Spain
for respiratory disease, including RSV infection, bron-
chiolitis, bronchitis and pneumonia, mainly children
younger than one year of age. The main cause of hospi-
talization was bronchiolitis, 62.4% of all diagnoses, of
which more than 60% were associated with RSV infec-
tion. We estimated a mean annual rate of 221.0 bron-
chiolitis hospitalizations per 100,000 children among
the general population, and 140.7 per 100,000 children
when only RSV-associated bronchiolitis was considered.
By age group, these rates were highest among children
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Table 3 Hospitalization rates due to RSV-related diseases by sex in children in Spain from 2012 to 2018
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Boys Girls Total

N % Annual rate? N % Annual rate N % Annual rate
Bronchiolitis 25974 59.9% 93.0 (90.1-96.1) 17421 40.2% 66.8 (64.2-69.4) 43,395 100.0% 80.3(78.3-82.3)
RSV + bronchiolitis 42,925 57.0% 1553 (151.5-159.3) 32411 43.0% 125.1(121.5-128.7) 75,336 100.0% 140.7 (138.0-142.6)
Bronchitis 30,120 59.1% (1 08.1-114.8) 20,823  40.9% 82.5(79.5-85.5) 50,943  100.0% 97.4(95.2-99.7)
RSV + bronchitis 1750 57.8% 3(5.6-7.2) 1279 42.2% 0(43-5.8) 3029 100.0% 7(52-6.2)
RSV 4+ pneumonia 1919 51.7% .1(6.3-8.0) 1791 48.3% 2 (5.5-7.1) 3710 100.0% .1(6.6-7.8)
RSV infection 8009 57.0% 294 (27.7-31.2) 6052 43.0% 23.7 (22.2-25.4) 14,061 100.0% 26.7 (25.5-27.8)

@ Annual hospitalization rates expressed per 100,000 population (95% Cl)
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Fig. 1 Distribution of the relative hospitalization rates (%) for bronchiolitis, RSV-positive bronchiolitis, bronchitis, RSV-positive bronchitis,
RSV-positive pneumonia, and RSV infection by year in children up to 14 years of age in Spain, from 2012 to 2018
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under 12 months of age—the most vulnerable population
according to published evidence [3, 11]—, reaching 1296
hospitalizations per 100,000 children for ‘acute bronchi-
olitis’ and 2185 for ‘bronchiolitis due to RSV’ Although

almost a third of all recorded hospitalizations were for
bronchitis, only 1.6% were associated with RSV infection,
resulting in a mean annual rate of only 5.7 hospitaliza-
tions per 100,000 children. A similarly low percentage of
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Table 4 Hospitalization rates due to RSV-related diseases by age group in children in Spain from 2012 to 2018

Age (years) Bronchiolitis? RSV + bronchiolitis Bronchitis RSV +bronchitis RSV -+ pneumonia RSV infection
<1 1296.2 (1283.1-1309.3) 2185.2 (2168.2-2202.2) 722.0(712.2-731.8) 453 (42.9-47.7) .1(49.5-54.7) 292.7 (286.5-298.9)
1 11327 (109.5-117.04)  197.95(192.97-202.93) 328.89(322.47-335.31) 26.03 (24.22-27.84) 3491 (32.82-37) 84.75 (81.49-88.01)
2 32.64 (30.65- 3463) 3(77.01-83.25) 220.97 (215.78-226.16) 1529 (13.93-16.65) 19.86 (18.3-2142) 4577 (43.41-48.13)
3 5(13.67-16.33) 3682(3473 3891) 134.66 (130.66-138.66)  6.36 (5.49-7.23) 8.12(7.14-9.1) 18.61 (1712 20.1)
4 735(643 8.27) 1925(1776 20.74) 78.67 (75.65-81.69) 1.99 (1.51-247) 298(239 3.57) 9.16 (8.13-10.19)
5 449 (3.78-5.2) 49 (10.35-12.63) 50.52 (48.13-52.91) 145(1 .04-1.86) 21 (0.84-1.58) 479(405 5.53)
6 219(169 2.69) 776(683 8.69) 34.9(32.92-36.88) .7 (042-0.98) 073(044 1.02) 2.74(2.19-3.29)
7 6(1.18-2.02) 6.01 (5.19-6.83) 23.88(22.25-25.51) .7 (0.42-0.98) 0.52 (0.28-0.76) 2.5(1.97-3.03)
8 154(113 1.95) 3.74 (3.09-4.39) 17.18 (15.8-18.56) 046(023 0.69) 0.35 (0.15-0.55) 1.63 (1.2-2.06)
9 1.23(0.86-1.6) 3.62(2.98-4.26) 13.69 (12.45-14.93) 0.29(0.11-047) 0.35(0.15-0.55) 1.66 (1.23-2.09)
10 1.33(0.94-1.72) 2.28(1.77-2.79) 10.64 (9.54-11.74) 0.27 (0.09-0.45) 033(014 0.52) 1.16 (0.8-1.52)
11 0.99 (0.65-1.33) 2.35(1.83-2.87) 8.26 (7.28-9.24) 0.36 (0.16-0.56) .3(0.11-0.49) 1.24 (0.86-1.62)
12 049 (0.25-0.73) 202(1 53-2.51) 627(541 -7.13) 0.24 (0.07-041) 018(003 0.33) 1.04 (0.69-1.39)
13 0.75 (0.45-1.05) 71 (1.26-2.16) .1(432-5.88) 0.22 (0.06-0.38) 0.09 (-0.01-0.19) 0.9(0.57-1.23)
14 0.63(0.35-0.91) 58 (1.14-2.02) 5.25 (4.45-6.05) 0.09 (—=0.01-0.19)  0.09 (—0.01-0.19) 0.51 (0.26— 076)
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cases (1.9%) and low hospitalization rate (7.2/100,000)
were estimated for RSV-associated pneumonia. Young
age is a known risk factor for RSV infection, with about
45% of hospital admissions and in-hospital deaths due to
RSV-related bronchiolitis occurring in children younger
than 6 months [17, 35]. Previous studies have shown that
the highest incidence of childhood hospitalization for
bronchiolitis in Spain in the last 20 years occurred dur-
ing the first year of life, particularly among children aged
0-2 months, estimated at about 4000 cases per 100,000
children under 12 months of age; rates decrease signifi-
cantly thereafter [19, 36]. Estimates published for differ-
ent countries around the world are variable, probably due
to different healthcare settings and estimation methods,

and to the different underlying characteristics of the
study populations [21, 37-43]. However, it is interest-
ing to note that with all of these approaches and in all
settings, the highest rates were recorded in the young-
est age group, an important consideration for targeting
interventions.

In this study, we observed notable differences in the
mean annual incidence of hospitalization between RSV-
associated bronchiolitis, bronchitis, and pneumonia
that generally remained constant throughout the study
period. Bronchitis usually affects older children and
adults, while bronchiolitis is more common in younger
children, most often under 2 years of age. However,
the potential existence of an age-associated bias in the
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diagnosis of children admitted for RSV-associated respir-
atory disease has been suggested elsewhere. According to
these authors, RSV-associated hospital admissions may
be more likely to be coded as bronchiolitis in children
younger than 6 months, but as pneumonia or unspeci-
fied ALRI in children older than 1 year [44]. On the other
hand, a diagnosis of RSV-associated pneumonia is very
unusual. Laboratory tests are not always performed to
confirm the diagnosis or are delayed until clinicians con-
sider that the recovery of hospitalized children is too pro-
longed [45, 46].

The issue of pediatric hospital discharges for res-
piratory diseases to which a generic diagnostic code
is assigned, e.g., bronchitis or bronchiolitis, has been
addressed previously. In a recently published study [36],
we collected data from all patients who had been assigned
a generic diagnostic code for bronchiolitis, assuming that
50-80% of cases were caused by RSV infection. In this
study, however, the patients were analyzed in different
groups based on whether the diagnosis code was generic
or specifically RSV-positive. We found that between 61%
(2012) and 73% (2016) of hospital admissions for bron-
chiolitis had been classified as RSV-positive, but only
between 1% (2018) and 7% (2015) of hospital admissions
for bronchitis were classified as RSV-positive, instead of
the expected 50-80% [1, 47], showing that, very often,
RSV infections are inappropriately coded in children hos-
pitalized for bronchitis.

Using joinpoint regression analysis, no evidence of sta-
tistically significant changes in the mean annual hospi-
talization rate for bronchiolitis or bronchitis, or changes
in the trend, was found throughout the study period.
However, we found a linear increase in the mean hos-
pitalization rate for pneumonia of almost 15% per year
from 2012 to 2018. Perhaps improvements in diagnostic
techniques in recent years, the increased survival of very
preterm infants in the perinatal period, environmental
changes, or even subtle changes in the organization of
healthcare prompting parents to seek hospital care have
contributed to this increasing trend in the rate of hospi-
talizations for pneumonia [48—50]. Based on the stable
pediatric intensive care admission rates reported in some
studies [50], some authors suggest that it seems unlikely
that the growing trend is due to an increase in the sever-
ity of infection or the virulence of RSV in children. Other
authors suggest that this increase might reflect changes in
the threshold for admission (particularly in the younger
infants) or failure to manage these acute illnesses in the
community care setting [44]. In any case, more research
is needed to shed light on this issue.

The mean case fatality rate in our study was almost six
times higher in children hospitalized with a diagnosis of
RSV-positive pneumonia (mean proportion, 0.57%) than
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in children hospitalized with a diagnosis of bronchitis or
bronchiolitis (mean proportion, 0.10% for the two diag-
noses). The difference in hospitalization rates between
diagnoses was quite variable throughout the study period
and, with the exception of 2012, highly relevant. How-
ever, we believe there could be a patient selection bias,
as previously mentioned. Although viruses are the most
common cause of pediatric pneumonia—especially in
infants younger than 2 years—, microbiological test-
ing is only performed if the child’s progress during their
hospital stay is slow, usually related to the presence of
known risk factors or any other pediatric alert that iden-
tifies hospitalised children at risk of clinical deterioration.
Thus, other patients with RSV-positive pneumonia could
be lost in the diagnostic selection due to lack of labora-
tory tests. Most studies do not report detailed cause of
death and clinical details of the fatal cases are often una-
vailable, limiting our ability to accurately assess RSV-
related infant mortality [35, 51].

We also found statistically significant sex differences
in the rate of hospital admissions for bronchiolitis and
bronchitis (1.3 times higher in males than in females
for both diagnoses, p<0.001), but not for cases of viral
pneumonia. Male sex is a known risk factor for the devel-
opment of respiratory tract infections, and generally pre-
sents with a more severe course than in females, leading
to higher mortality rates. It has been reported that male
infants have shorter and narrower airways and therefore
are more likely to develop bronchial obstruction after
contracting RSV infection [52]. Pediatricians must take
these sex differences into account when treating children
with RSV respiratory infections [21, 53].

This study has several strengths and limitations that
should be considered. Its main strength lies in the use
of MBDS records that offer a very large sample size
that includes practically all admissions to both public
and private acute hospitals in Spain, thus increasing the
power of the statistical analyses, even for low-preva-
lence diseases. Furthermore, the methodology used has
been well recognized for many years and offers great
external validity, making the MBDS a valuable tool
for epidemiological research into respiratory diseases
[54]. On the other hand, one of the main limitations
when interpreting the MBDS data is that its reliability
depends on the quality of the discharge report and the
clinical history and on the codification process vari-
ables [55]. Some of the ICD codes used, such as 466.1
(acute bronchiolitis), do not restrict the search to RSV-
positive cases only, which means that children hospital-
ized for respiratory diseases caused by other respiratory
pathogens have probably been included in this study.
Many children are discharged before the results of lab-
oratory tests for RSV infection are available, or they are
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simply coded as ‘acute bronchiolitis’ even though they
are positive for RSV. Therefore, the use of more restric-
tive codes to gather only confirmed RSV-positive cases
would have meant the loss of a significant part of the
RSV-related disease burden [56]. Another potential
limitation of this study is that it was restricted to hos-
pitalized patients. As previously described, the major-
ity of recurrent wheezing and RSV-related burden
of disease occur in the outpatient setting [3], so our
results may have underestimated, at least partially, the
true impact of RSV-related respiratory disease in the
population.

In summary, RSV-related diseases represent a heavy
burden to children, their families, and the public health
system in Spain. To address this problem, there is con-
sensus that early protective measures should be applied,
especially in children during their first 6-12 months
of life. These measures include general hygienic prac-
tices, such as visiting restrictions during the RSV out-
break period and effective handwashing, and, where
available, immunotherapy for all children, since it has
been shown that the majority of infected children were
full-term and otherwise healthy [2, 57, 58]. With the
introduction of RSV vaccine, documenting how such
vaccines impact the incidence of RSV-related diseases
will help clarify the relationship between RSV infection
and subsequent recurrent wheezing, particularly in the
long-term [56].

Conclusions

« RSV-related respiratory infections remain a leading
cause of infant hospitalization in Spain.

« Effective antiviral treatments and preventive vac-
cines are urgently needed for the management of
RSV infection in children, especially for those aged
6—12 months.
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